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1
LOCATION SERVICES

OVERVIEW

Mobility 1s a key feature of many wireless communication
systems. In fact, many applications benefit from the availabil-
ity of location information related to the current position of a
mobile wireless device. For example, when traveling 1in an
automobile, location information may be very valuable to the
driver for navigation purposes. Companies such as delivery
services use location information to keep track of their driv-
ers. Other users may use location information 1n any of a wide
variety ol applications related to their mobile wireless
devices.

This location information may be generated using a variety
of methods. For example, the location of the base transcerver
station (BTS) antenna that 1s currently being used provides an
approximate location of the wireless device since it must be
within range of the antenna. Also, the sector within a wireless
network currently serving the mobile device provides an
approximate location of the device. Other mobile devices
may include Global Positioning System (GPS) capability,
providing a more precise location of the device.

TECHNICAL SUMMARY

In various embodiments, methods, systems, and software
are provided to provide location services to a mobile device.
In an embodiment, a method comprises receiving a call
request (including a caller identification) for a call from a
mobile device and determining 11 the call qualifies for a status
update based on the caller identification. In response to deter-
mimng that the call qualifies for a status update, the method
also comprises receiving a location of the mobile device,
determining the 1dentity of a mobile unit that 1s 1n progress to
the location of the mobile device, and mitiating a location
request of the mobile unit, recerving a location of the mobile
unit in response to the location request, and providing status
information based on the location of the mobile unit and the
location of the mobile device to a user of the mobile device.

In another embodiment, a communication system com-
prises a communication network, a server, and a location
determination system. The server 1s configured to receive a
call request (including a caller identification) for a call from a
mobile device, and determine 11 the call qualifies for a status
update based on the caller identification. In response to deter-
mimng that the call qualifies for a status update, the server 1s
also configured to receive a location of the mobile device,
determine the identity ol a mobile unit that 1s in progress to
the location of the mobile device, and initiate a location
request of the mobile umit, recerve a location of the mobile
unit i response to the location request, and provide status
information based on the location of the mobile unit and the
location of the mobile device to a user of the mobile device.

In a further embodiment, a computer-readable medium
containing software for operating a communication system
for providing location services 1s provided. When the sofit-
ware 1s executed by the communication system, the commu-
nication system 1s directed to recerve a call request (including
a caller 1dentification) for a call from a mobile device, and
determine 11 the call qualifies for a status update based on the
caller identification. In response to determining that the call
qualifies for a status update, the communication system 1s
also directed to recerve a location of the mobile device, deter-
mine the 1dentity of a mobile unit that 1s in progress to the
location of the mobile device, and initiate a location request of
the mobile unit, recetve a location of the mobile unit 1n
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2

response to the location request, and provide status informa-
tion based on the location of the mobile unit and the location
of the mobile device to a user of the mobile device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating a communication
system for providing location services.

FI1G. 2 1s a flow diagram 1llustrating a method for providing
location services.

FIG. 3 1s a call flow diagram illustrating a method for

providing location services.

FIG. 4 1s a call flow diagram illustrating a method for
providing location services.

FIG. 5 1s a block diagram 1llustrating a communication
system for providing location services.

FIG. 6 1s a call flow diagram illustrating a method for
providing location services in the communication system of
FIG. 5.

FIG. 7 1s a block diagram 1illustrating a communication
system for providing location services.

FIG. 8 1s a call flow diagram illustrating a method for

providing location services in the communication system of
FIG. 7.
FIG. 9 1s a block diagram of a communication system for

providing location services.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram 1illustrating a communication
system 100 for providing location services. This embodiment
includes mobile device 102, mobile unit 108, communication
system 104, and location determination system (LDS) 106,
all coupled together through communication network 110.
Mobile device 102 may be any wireless, mobile device
capable of making and receiving calls, and configured such
that 1ts location may be determined by LDS 106. Mobile unit
108 1s any mobile device configured such that its location may
be determined by LDS 106. Optionally, mobile unit 108 1s
capable ol making and recerving calls, but this functionality 1s
not necessary. Communication system 104 1s any system
capable of receiving call requests from mobile device 102,
sending location requests to LDS 106, and receiving location
information from L.DS 106. In some embodiments, commu-
nication system 104 may include the capability of processing
location information into a status update. Communication
system 104 1s further illustrated in FIG. 9, and described
below.

When two mobile devices interact, location information
may be valuable, and also difficult to obtain. For example, 1T
two friends, each having a mobile device, wish to meet, the
location of each device, along with the distance between the
devices may be of use. Also, 1 a mobile unit, such as a tax,
has been sent or dispatched to the location of a user of a
mobile device, the current location of the taxi, the distance
from the taxi to the user, or the estimated time of arrival of the
tax1 may be of interest to the user.

FI1G. 2 1s a flow diagram 1llustrating a method for providing
location services. Reference numbers for FIG. 2 are indicated
parenthetically below. In this method for providing location
services, communication system 104 receives a call request
including a caller 1dentification from mobile device 102, (op-
eration 200). Communication system 104 then determines 1f
the call qualifies for a status update based on the caller 1den-
tification, (operation 202). Various embodiments may use a
variety of different methods to determine 11 the call qualifies
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for a status update. Some example methods are 1llustrated 1n
FIGS. 3 through 8, and described below.

If the call qualifies for a status update, communication
system 104 then receives a location of mobile device 102,
(operation 204). Communication system 104 determines the
identity of a mobile unit 108, and initiates a location request
of mobile unit 108, (operation 206). The 1dentity of mobile
unit 108 may be determined 1n a variety of methods, including,
a table of mobile units correlated to mobile devices. For
example, there may be a one-to-one correlation of mobile
units and mobile devices 1n some embodiments, and a table
correlating the two categories could be created well 1n
advance. Other embodiments may include dispatching a
mobile unit 108 to the mobile device 102 1n an earlier call, and
the table 1s simply a record of this dispatch.

The location request may be sent to a location determina-
tion system 106, which then determines the location of
mobile unit 108 using any of a variety of methods. Location
determination system 106 then transmuits a location of mobile
unit 108 to the communication system 104, (operation 208).

Once communication system 104 has received the loca-
tions of mobile device 102 and mobile unit 108, 1t provides
status 1nformation to mobile device 102, (operation 210).
This status information make take any of a variety of forms,
such as, the location of mobile unit 108, the distance between
mobile unit 108 and mobile device 102, or the estimated time
of arrival of mobile unit 108 at the location of mobile device
102.

FIG. 3 1s a call flow diagram 1illustrating a method for
providing location services. This call flow diagram further
illustrates the communication system 100 of FIG. 1 and the
method of FIG. 2. Mobile device 102 places a first call to
communication system 104. Thus first call may take any of a
variety of forms. In some examples, this first call triggers the
movement of mobile unit 108 to the location of mobile device
102. For example, the user of mobile device 102 may have just
called for a cab, ordered a pi1zza, called a plumber, 1nvited a
triend over, or performed any of a wide variety of other types
ol communication.

Betore and during the first call, communication system 104
1s configured such that mobile device 102 does not qualily for
a status update. Once mobile device 102 places a second call
to communication system 104, upon receipt of the call request
from mobile device 102, system 104 1s configured such that
mobile device 102 qualifies for a status update once a second
call request 1s recerved. Other examples may use additional or
different requirements for a mobile device to qualify for a
status update. For example, some systems may check to see 11
mobile unit 108 1s in route to the location of mobile device
102 before allowing any status updates, regardless of the
quantity of calls from mobile device 102.

When a second call request 1s received and communication
system 104 determines that mobile device 102 1s qualified for
a status update, communication system 104 sends a location
request to LDS 106. LDS 106 then determines a location of
mobile umit 108 using any of a variety of methods. Optionally,
LDS 106 also determines a location of mobile device 102. In
some embodiments, the location of device 102 may already
be known, so no new location information 1s required. Once
LDS 106 determines the necessary locations, 1t sends these
locations to communication system 104. At this point, system
104 may either provide the location information directly to
mobile device 102, or may process the location information to
provide information such as distance or estimated time of
arrival.

FIG. 4 1s a call flow diagram 1llustrating a method for
providing location services. In this example, mobile unit 108
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4

signals communication system 104 to allow location
requests. This signaling may take place using any of a variety
of methods. For example, the user of mobile unit 108 may
send a code to system 104 along with the phone number of
mobile device 102 signaling system 104 that any status
updates from mobile device 102 are to be allowed. The code
may be a sequence ol key presses during a call to system 104,
a text message to system 104, or any other data communica-
tion to system 104.

Communication system 104 recerves a signal from mobile
unit 108 allowing location requests. When 1t then receives a
call from mobile device 102, 1t determines that mobile device
102 qualifies for a status update. Once mobile device 102
qualifies for a status update, communication system 104 per-
forms a location request to LDS 106, and 1n response receives
location information from LDS 106. Communication system
104 then sends a status update to mobile device 102, similar to
the method illustrated 1n FIG. 3 and described above.

FIG. 5 1s a block diagram 1illustrating a communication
system 500 for providing location services. This communi-
cation system 500 1s similar to the system 1llustrated 1n FIG.
1 and described above. Mobile device 102 communicates
with call processing system (CPS) 506 through base trans-
ceiver station (BTS) 502. Mobile unit 108 communicates
with CPS 506 through BTS 504. CPS 3506 1s coupled with
location determination system 308. Other embodiments may
include other devices and connections not i1llustrated 1n FIG.
5. For example, 1n some embodiments, BTS 501 may com-
municate with CPS 506 through a base station controller
(BSC) and a gateway element such as a mobile switching
center (MSC) and a telecommunication network such as the
PSTN (Public Switched Telephone Network) or the Internet.

FIG. 6 1s a call flow diagram illustrating a method for
providing location services 1n the communication system 500
of FIG. 5. Similar to the call flow diagram of FIG. 4, 1n this
example mobile unit 108 signals call processor 506 to allow
location requests from mobile device 102. When call proces-
sor 506 recerves a call from mobile device 102 1t determines
that mobile device 102 1s qualified for a status update. Call
processor 5306 then sends a location request along with the
identities of mobile unit 108 and mobile device 102 to loca-
tion determination system 508. LDS 508 determines the loca-
tions of mobile device 102 and mobile unit 108 and sends
these locations to call processor 506. Call processor 506 then
provides a status update to mobile device 102.

FIG. 7 1s a block diagram 1illustrating a communication
system 700 for providing location services. This communi-
cation system 700 1s similar to that illustrated 1n FIG. 5, with
the addition of a service provider 702. As 1n FIG. 5, mobile
device 102 communicates with call processing system (CPS)
506 through base transceiver station (BTS) 502. Mobile unit
108 communicates with CPS 506 through BTS 504. CPS 506
1s coupled with location determination system 508. Other
embodiments may include other devices and connections not
illustrated 1n FIG. 7. For example, 1n some embodiments,
BTS 501 may communicate with CPS 3506 through a base
station controller (BSC). This base station controller may
communicate with CPS 3506 through a gateway element such
as a mobile switching center (MSC) and then through a tele-
communication network such as the PSTN (Public Switched
Telephone Network) or the Internet, using any of a wide
variety of communication protocols.

In this example call processor 306 also communicates with
service provider 702. Service provider 702 may be a server
within the entity that initiates the movement of mobile unit
108 to the location of mobile device 102. For example, service
provider 702 may be the taxi company that dispatches a taxi
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(mobile unit 108) to the location of mobile device 102. In such
an example service provider 702 may keep track of the cor-
relation between mobile units and mobile devices. It may also
process any location information and provide any status
updates.

FIG. 8 1s a call flow diagram illustrating a method for
providing location services 1n the communication system 700
of FIG. 7. In this example, when mobile device 102 places a
call to service provider 702, the call 1s routed through call
processor 506. Service provider 702 then determines if
mobile device 102 qualifies for a status update. If mobile
device 102 qualifies for a status update, service provider 702
sends a location request to LDS 508. LDS 3508 determines the
locations of mobile device 102 and mobile unit 108 and sends
these locations to service provider 702. Upon receipt of the
locations, service provider 702, processes the locations and
sends a status update to mobile device 102.

The methods, systems, networks, devices, service provid-
ers, call processors, centers, equipment, and servers
described above may be implemented with, contain, or be
executed by one or more computer systems. The methods
described above may also be stored on a computer readable
medium. Many of the elements of communication system 100
may be, comprise, or include computers systems. This
includes, but 1s not limited to mobile device 102, mobile unit
108, communication network 110, communication system
104, location determination system 106, call processing sys-
tem 306, and service provider 702. These computer systems
are 1llustrated, by way of example, 1n FIG. 9.

Referring now to FIG. 9, communication system 900
includes communication interface 904 and processing system
901. Processing system 901 includes storage system 902.
Storage system 902 stores software 903. Processing system
901 1s linked to communication mterface 904. Communica-
tion system 900 could be comprised of a programmed gen-
eral-purpose computer, although those skilled in the art will
appreciate that programmable or special purpose circuitry
and equipment may be used. Computer system 900 may be
distributed among multiple devices that together comprise
clements 901-904.

Communication interface 904 could comprise a network
interface, modem, port, transceiver, or some other communi-
cation device. Communication nterface 904 may be distrib-
uted among multiple communication devices. Processing
system 901 could comprise a computer microprocessor, logic
circuit, or some other processing device. Processing system
901 may be distributed among multiple processing devices.
Storage system 902 could comprise a disk, tape, integrated
circuit, server, or some other memory device. Storage system
902 may be distributed among multiple memory devices.

Processing system 901 retrieves and executes software 903
from storage system 902. Software 903 may comprise an
operating system, utilities, drivers, networking software, and
other software typically loaded onto a computer system. Soit-
ware 903 could comprise an application program, firmware,
or some other form of machine-readable processing instruc-
tions. When executed by processing system 901, software
903 directs processing system 901 to operate as described
herein for communication systems, such as mobile device
102, mobile unit 108, communication network 110, commu-
nication system 104, location determination system 106, call
processing system 506, and service provider 702.

The above description and associated figures teach the best
mode of the invention. The following claims specity the scope
of the mnvention. Note that some aspects of the best mode may
not fall within the scope of the invention as specified by the
claims. Those skilled 1n the art will appreciate that the fea-
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6

tures described above can be combined in various ways to
form multiple vanations of the invention. As a result, the
invention 1s not limited to the specific embodiments described
above, but only by the following claims and their equivalents.

What 1s claimed 1s:

1. A method for providing location services comprising:

recewving a call request for a call from a mobile device,

wherein the call request includes a caller 1dentification;
determining 11 the call qualifies for a status update based on
the caller 1dentification;
in response to determiming that the call qualifies for a status
update, receiving a location of the mobile device;

determiming the identity of a mobile unit that 1s 1n progress
to the location of the mobile device, and 1nitiating a
location request of the mobile unait;

receving a location of the mobile unit 1n response to the

location request; and

providing status information based on the location of the

mobile unit and the location of the mobile device to a
user ol the mobile device.

2. The method of claim 1, wherein the call qualifies for a
status update if a previous call including the same caller
identification has been received, and if the mobile unit 1s 1n
progress to the location of the mobile device.

3. The method of claim 2, wherein determining the identity
of the mobile unit 1s based on information indicating the
mobile unit has been dispatched to the location of the mobile
device.

4. The method of claim 1, wherein the call qualifies for a
status update 11 the mobile unitis in progress to the location of
the mobile device, and the mobile unit approves the status
update.

5. The method of claim 1, wherein the status information 1s
provided audibly to the user of the mobile device.

6. The method of claim 1, wherein the status information
includes an estimated time of arrival.

7. The method of claim 1, wherein the status information
includes the location of the mobile unait.

8. The method of claim 1, wherein the status information
includes a distance between the mobile unit and the mobile
device.

9. A communication system comprising:

a communication network;

a server coupled with the communication network; and

a location determination system coupled with the commu-

nication network, and configured to determine the loca-
tion ol mobile devices coupled with the commumnication
network:

wherein the server 1s configured to:

receive a call request for a call from a mobile device,
wherein the call request includes a caller 1dentifica-
tion;

determine if the call qualifies for a status update based on
the caller identification;

in response to determining that the call qualifies for a
status update, receive a location of the mobile device;

determine the 1dentity of a mobile unit that 1s 1n progress
to the location of the mobile device, and 1mitiate a
location request of the mobile unait;

receive a location of the mobile unit in response to the
location request; and

provide status information based on the location of the
mobile unit and the location of the mobile device to a
user of the mobile device.

10. The communication system of claim 9, wherein the call
qualifies for a status update 1f a previous call including the
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same caller identification has been received, and 1f the mobile
unit 1s 1 progress to the location of the mobile device.

11. The communication system of claim 9, wherein the
identity ol the mobile unit 1s determined based on information
indicating the mobile unit has been dispatched to the location
of the mobile device.

12. The communication system of claim 9, wherein the call
qualifies for a status update 1f the mobile unit 1s 1n progress to

the location of the mobile device, and the mobile unit
approves the status update.

13. The communication system of claim 9, wherein the
status information 1s provided audibly to the user of the
mobile device.

14. The communication system of claim 9, wherein the
status imformation includes an estimated time of arrival.

15. The communication system of claim 9, wherein the
status mformation includes the location of the mobile unit.

16. The communication system of claim 9, wherein the
status information includes a distance between the mobile
unit and the mobile device.

17. A non-transitory computer-readable medium having
instructions stored thereon for operating a communication
system to provide location services, wherein the instructions,
when executed by the communication system, direct the com-
munication system to:

receive a call request for a call from a mobile device,

wherein the call request includes a caller 1dentification;
determine if the call qualifies for a status update based on
the caller 1dentification;

in response to determining that the call qualifies for a status

update, recerve a location of the mobile device;
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determine the 1dentity of a mobile unit that 1s 1n progress to
the location of the mobile device, and 1nitiate a location
request of the mobile unait;

recerve a location of the mobile unit in response to the

location request; and

provide status iformation based on the location of the

mobile unit and the location of the mobile device to a
user of the mobile device.

18. The computer-readable medium of claim 17, wherein
the call qualifies for a status update 1T a previous call including
the same caller identification has been received, and if the
mobile unit 1s 1n progress to the location of the mobile device.

19. The computer-readable medium of claim 18, wherein
the identity of the mobile unit 1s determined based on 1nfor-
mation indicating the mobile unit has been dispatched to the
location of the mobile device.

20. The computer-readable medium of claim 17, wherein
the call qualifies for a status update 11 the mobile unit 1s 1n
progress to the location of the mobile device, and the mobile
unit approves the status update.

21. The computer-readable medium of claim 17, wherein
the status information 1s provided audibly to the user of the
mobile device.

22. The computer-readable medium of claim 17, wherein
the status mformation includes an estimated time of arrival.

23. The computer-readable medium of claim 17, wherein
the status information includes the location of the mobile unat.

24. The computer-readable medium of claim 17, wherein
the status information includes a distance between the mobile
unit and the mobile device.
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